We argue that strain applied to a time-reversal and inversion breaking Weyl semi-metal in a magnetic field can induce an electric current via the chiral magnetic effect. A tight binding model is used to show that strain generically changes the locations in the Brillouin zone but also the energies of the band touching points (tips of the Weyl cones). Since axial charge in a Weyl semi-metal can relax via inter-valley scattering processes the induced current will decay with a timescale given by the lifetime of a chiral quasiparticle. We estimate the strength and lifetime of the current for typical material parameters and find that it should be experimentally observable.
Chiral anomalies belong to the most emblematic predictions of quantum field theory 1 . In the presence of massless (chiral) fermions not all the symmetries of the classical theory are compatible with the quantum theory. The theory of anomalies has a very wide range of applications reaching from particle physics to condensed matter physics. In the recent years anomaly induced transport phenomena, such as the chiral magnetic effect (CME) have attracted much attention in the quark-gluon plasma 2-4 , and in Dirac matter 5, 6 . The recently synthesized Weyl semimetals (WSM) [7] [8] [9] are an optimum benchmark to test anomaly related phenomena in condensed matter. These materials have chiral Weyl points separated in momentum space. The minimal model with two Weyl nodes in a continuum description is described by the action
which resembles a Lorentz breaking QED action 10,11 . The WSM phase is reached when the parameters obey the condition −b 2 > m 2 in which case the separation between nodes is proportional to the four-vector ∆k
b 2 . The CME describes the generation of an electric current parallel to an applied magnetic field in chirally imbalanced matter 2-4 . It the context of Weyl semi-metals it is best described by the formula
where µ L,R are the chemical potentials of left-and right-handed fermions as measured from the tips of the Weyl cones whereas E L,R are the energies at which the Weyl cones are located. The axial chemical potential is 2µ 5 = µ L − µ R and the difference in energy of the band touching points is 2λ
The axial symmetry is not exact. It is broken even at tree level by the mass term in (1). In a crystal this is unavoidable due to the compactness of the Brillouin zones. Therefore axial charge will decay to a thermodynamic equilibrium state in which the left-and right-handed fermi surfaces sit at the same energy such that E L +µ L = E R +µ R . The CME vanishes in a Weyl semi-metal in thermodynamic equilibrium 5,11 . In order to induce a non-vanishing chiral magnetic current it is clear from (2) that there are in principle two options. First one might modify the chemical potentials by inducing an imbalance in the occupation numbers of leftand right-handed fermions. One way to do this is to use the proper axial anomaly
In parallel electric and magnetic fields, fermions are pumped via spectral flow from one Weyl-cone to the other and thereby changing their chirality. This process leads to a dramatic enhancement of the electric conductivity along the direction of the magnetic field. The anomaly induced negative magnetoresitivity has indeed been verified experimentally in Dirac and Weyl semi-metals [13] [14] [15] . A second possibility is to change the locations of the Weyl cones E L,R . We argue in the reminder of this work that this can indeed be achieved by applying strain, in particular, it will be induced by the time component of the axial elastic vector field that emerges when lattice deformations are included in the model. As a result, we find an B. Over a timescale given by the inter valley scattering time τinter the axial chemical potential δµ5 will build up such at for for t τinter it takes the value δµ5 = δb0 and equilibrium with vanishing CME is reached again.
elastic contribution to the chiral magnetic effect linearly proportional to the strain tensor u ij and to the Grüneisen parameter of the material β.
Strain induced chiral imbalance
The local band structure for a WSM with two Weyl points is described by the continuum model
The schematic band structure is represented in Fig. 1 . The space components of the vector λ µ breaks time reversal symmetry and its magnitude sets the separation of the Weyl nodes in momentum space. Its time component λ 0 breaks inversion symmetry and marks the separation in energy of the points. The emergence of elastic gauge fields coupling with opposite signs to the two chiralities (axial) in time reversal breaking Weyl semimetals was derived from a tight binding model in ref. 16 (see also 17). In Appendix A we extend this derivation to account for a time component of the elastic gauge field. The elastic gauge field shifts the locations of the Weyl tips and induce an effective axial gauge field
The strain induced CME is proportional to the difference in energies of the Weyl-cones before applying strain, to the Grüneisen parameter of the material, and to the magnitude of the strain itself. Since eventually the Fermi surfaces will equilibrate by processes such as inter-valley scattering or through spectral flow through the edge states (Fermi arcs), this strain induced CME will be observable only over a short timespan set by the lifetime τ inter of a chiral quasiparticle at the corresponding Fermi surface. This time is estimated to be much larger than the intra-valley scattering rate or the usual impurity induced lifetime 18, 19 . Taking anomaly and inter-valley scattering into account the time developement of the axial chemical potential is given by
where ρ (eq) 5 = ρ 5 (λ 0 + δλ 0 ). The relation between the axial chemical potential and the axial charge is given by the equation of state ρ 5 = ∂P ∂µ5 with P the the thermodynamic pressure for chiral fermions. This will result in an exponentially decaying strain induced chiral magnetic current
Physical feasibility of the proposal
We can estimate the strength of the current by taking the typical separation of the Weyl nodes in energy be of the order of 1 meV, the Grüneisen parameter β = 1 and the attainable amount of strain in the percentage realm (1% ). The resulting current is
with the magnetic field B expressed in Tesla. For a sample of a cross section of 10µm 2 the induced current is of the order of 10 microamperes in a magnetic field of 1T. This an observable quantity of the same order of magnitude as the one described in 20, 21 . Since the considered WSM materials break inversion symmetry, they will also be piezoelectric. For comparison, the maximum current in a typical piezoelectric varies from nA to µA and the voltage generated in 1 − 100V , depending on the size of the material. The CME signal should be easily distinguishable from the standard piezo response due to its linear dependence on the magnetic field. The current will decay exponentially within a typical time 10τ inter .
For the expression (2) to be applicable we need to assume that the strain induced deformation acts on a time scale which is slow compared to the equilibration time with a Weyl cones but faster than the equilibration time for the axial charge, i.e. the inter valley scattering time. This can be fulfilled in WSM where inter valley relaxation time is estimated to be at least two orders of magnitude larger than standard lifetime 18 . A potential difficulty to measure the effect lies on the fact that the inter-valley relaxation time (estimated to be of the order of 10 −9 s at best 19 ) is of the same order of magnitude than the time needed for the elastic perturbation to propagate along the sample (assumed of microns size) what might attenuate the signal. Still the magnitude of the induced current will be within the observable range.
The class of materials realizing the WSM physics is growing exponentially in time. The expectations are that we will be able to get WSMà la carte according to the theoretical construction described in 22, 23 . Effects of strain in WSM has been considered previously in various contexts 24, 25 but the contribution of elastic gauge fields is novel and potentially more relevant. acting on the spinor Ψ k = (φ k , ψ k ) T . The momentum k ⊥ is the momentum perpendicular to b 3 . The main difference with respect to the original case is that now, for energies ω, v|k ⊥ | m + b 3 , the high energy sector represented by φ k is related to ψ k through
and the effective two-band model is
The presence of b 0 induces two differences: first, there is a term proportional to the identity matrix σ 0 and linearly dependent on k 3 breaking inversion symmetry (in the original full lattice model, it would be proportional to sin(k 3 a)), and second, it modifies the mass term accompanying the σ 3 matrix.
The condition to obtain the Weyl nodes is now when the two bands intersect each other: E + (k) = E − (k), so the positions of the Weyl nodes change correspondingly to:
that is, when b 0 = 0, the two Weyl nodes appeared for values of b 3 > m. Now, the situation is a little bit more complex (and richer), since for some values of the three parameters m, b 3 , and b 0 it might happen that the maximum of the valence band is placed at higher energies than the minimum of the conduction band, but the two bands do not intersect at any real momentum. The energies where the new Weyl nodes are placed read:
Expanding around λ 3 , k 3 = ±λ 3 + δk 3 , for small δk 3 the Hamiltonian matrix around the two Fermi points take the form (τ = ±1 labels the two Weyl points)
that is, the Hamiltonian of two Weyl modes with opposite chirality v 3 = 2v
Elastic deformations
Elastic deformations of the lattice induce the following two changes in the Hamiltonian (A2):
r → r s = r(1 − βu ss ).
The tensor u ij is the strain tensor. We will make the approximation of setting all the Gruneisen parameters β to be equal. After expanding first around the Weyl points and applying these changes in (A2) we can split the new 
